,U o.d.) was separated out from the tissue, slipped onto a fine stainless steel rod, and a helical strip about 2 mm long and 200-300 ,u wide was cut from it. The base of the strip was fixed to the rod with a silk thread and another thread was tied to the free end of the strip. which phasic contractions were absent or of very low amplitude.
The phasic activity was preceded by a slow uniform increase in tension.
To investigate the possible importance of nervous mechanisms for initiation or propagation of the rhythmic events, we studied similar strips from two dogs, one subjected to chronic, postganglionic lumbar sympathectomy, and one pretreated for 4 days with catecholaminedepleting doses of reserpine and guanethidine. These strips showed the same tendency to spontaneous contractions as did those from normal dogs, and the pattern of activity was similar. and angiotensin (Hypertensin, Ciba). The strips were found to contract in response to dog plasma added to the bath fluid, and this '$timulant" was used in many of the experiments.
Plasma was obtained by bleeding anesthetized heparinized dogs. Catheters and glass tubes were siliconized and the blood was subjected to immediate high-speed centrifugation in the cold to remove platelets. The plasma was frozen and stored until used for the muscle experiments.
Changes in the potassium and calcium concentrations of the bath fluid were produced either by mixing a small volume (0. I ml) of concentrated KC1 or CaClz solution with the ordinary PSS in the bath, or by using PSS whose ionic composition had been modified beforehand. The present results are based on 46 different experiments using a total of 76 strips from 41 dogs; 2 strips were often studied simultaneously in the bath.
RESULTS
S'ontaneous activity. Many of these strips from the small subcutaneous arteries developed, rhythmic contractions in physiological salt solution without being exposed to vasoactive agents. This spontaneous activity ( Fig. I quency and with less delay. The two components are more difficult to distinguish at the highest dose and the rhythmic contraction waves tend to fuse in a "smooth tetanus. " Later in the responses the rhythmicity often became less regular, as in the two lowermost recordings of Fig. 3 . The change in the pattern of response with increased doses was observed also for the other vasoactive substances used and for the dog plasma.
After alpha adrenergic blockade these strips relaxed in response to high doses of epinephrine provided an initial muscular Cc tone" had been established. This is seen in Fig. 4, upper record, when epinephrine was added during a contractile response to plasma after the preparation had been exposed to Dibenzyline (I mg/liter) for 6 min. The epinephrine relaxation was eliminated by the beta adrenergic blocking agent Inderal (r-isopropylamino-3-( I -napthyl oxy)-e-propanol hydrochloride, ICI). This drug, at a concentration of I mg/liter, converts the relaxation into a weak contraction (Fig. 4 proposed for vascular smooth muscle as a basis for the myogenic theory of blood flow autoregulation (9). There is, however, little experimental evidence that the smooth muscle of the resistance vessels does respond with a higher frequency of activation when subjected to distension. To test this possibility in our isolated preparations of rhythmically activated smooth muscle from small arteries, strips were subjected to changes in passive tension in seven experiments.
Rhythmic activity had occurred spontaneously or had been induced with epinephrine or plasma. Figure 5 (Fig. 20) ; higher concentrations caused strong, uniform contractions.
The influence of increased K+ on the responses to other vasoactive agents was studied in 12 experiments by adding small volumes of concentrated KC1 to the bath during responses to these other agents. The upper two recordings. of Fig. 7 show rhythmic contractions elicited by plasma and norepinephrine, respectively; due to the high wave. frequency the latter response is almost a smooth tetanus. Superimposing an increased K+ concentration during these contractions leads to a reduction in the frequency of the contraction waves, accompanied by a partial relaxation of the muscle. This' phenomenon was observed when the K+ concentration was raised to 10-30 mM during periods of high-frequency rhythmic activity. Injections of corresponding volumes of PSS or NaCl into the bath did not have this effect. When K+ was given in these amounts during a tonic contraction or when rhythmicity was poor there was, as a rule, an increased tension development often associated with a moderately increased frequency of phasic waves (Fig. 7, below) .
DISCUSSION
These experiments have demonstrated that there are two components of the contractile response of isolated strips from small subcutaneous arteries of the dog. There is first a uniform tension development; later, phasic contraction waves appear and usually constitute a more prominent part of the total contraction. It may be of interest in this connection that the small subcutaneous arteries are thick-walled vessels. Fixed and stained sections indicate a wall-tolumen ratio of about I, the thickness being mainly due to a compact media.
The rhythmicity, in itself, indicates a single-unit organization of the smooth muscle in these small vessels. This preparation also shares some other characteristics of the single-unit group of smooth muscle, namely the tendency to spontaneous contractions and the responsiveness to passive stretch. The spontaneous activity is evidently of myogenic origin and its pattern of series of contraction waves alternating with periods of relaxation somewhat resembles the behavior of uterine muscle. Changes in the rate of rhythmicity in response to passive stretch have not occurred consistently in our experiments. Recordings such as that of Fig. 5 indicate, however, that this vascular smooth muscle possesses a mechanism whereby it can respond to increased passive tension with increased frequency of activation. This phenomenon may be part of the action of the vascular wall in vivo in increasing its active tone in response to an increase in the distending forces of intravascular pressure. Such distension is further counteracted by the shift of the working conditions of the contractile elements to conditions represented by a point higher on the length-tension diagram (I 6) and perhaps also by the direct stimulating action of quick stretch on the smooth muscle (I 5 (2) . This is in contrast to the pronounced vasodilator action of intra-arterially infused potassium salts in, vivo (8, I 2) . The present results illustrated in Fig. 7 suggest that the mechanism of the potassium vasodilatation in intact vascular beds may be an inhibition of pacemaker frequency in vessels with initially high myogenic activity. The calcium ion is essential for contraction of vascular smooth muscle as for other types of muscle. The vascular preparations used in , these experiments demonstrated this dependency on adequ .ate Ca++ supply by their rapid loss of responsiveness to epinephrine in Ca-free PSS. Supranormal concentrations of Ca++ were found to exert an inhibitory action on the rhythmic component of the contractions (Fig. 6 ). This suggests that calcium interfered with pacemaker activity and/or intercellular conduction through its "stabilizing action" on the membranes.
The dual effect of calcium on vascular smooth muscle previously described ( I) is illustrated in the behavior of these rhythmically contracting vessels.
Vascular smooth muscle from different regions and from vessels of different sizes shows a considerable degree of individuality with regard to its reaction to physiological and pharmacological stimuli. This is true not
